Abstract. The measurements of electron density made by the so-called because it forms a narrow (0.2 RJ wide), tall (0.5 RJ Plasma Wave Subsystem instruments on Galileo during its high) band around Jupiter, has peak densities of ~3000 cm-3 at pass through the torus on December 7th, 1995 are compared a radial location which varies between 5.6 and 5.9 RJ. The with a model based on Voyager 1 measurements made in March 1979. Outside Io's orbit, the plasma densities observed by Galileo are approximately a factor of two higher than the Voyager values. Shortly after crossing Io's orbit, the Galileo density profile dropped sharply and remained at low values for the rest of the inbound leg, suggesting that the 'ribbon' region was either absent or much farther from Jupiter than usual. The peak density on the outbound leg is consistent with Voyagerbased predictions for the cold torus in both location (5.1 RJ) and magnitude (950 cm-3). Inside 5 RJ the density dropped sharply to less than 3 cm-3.
Introduction
Over the past 20 years the Io plasma torus has been observed remotely from the ground, Earth orbit and the Voyager spacecraft. Remote observations provide a measure of the 3-d structure as well as systematic and temporal variabilities (Thomas, 1993) but plasma parameters have to be deconvolved from emission intensities and spectral ribbon straddles the sharp change in composition and plasma temperature between the outer and inner tori. Remote sensing observations of UV emissions suggest little longitudinal variations in the warm torus, but strong dawn-dusk asymmetries (Dessler and Sandel, 1992) (Broadfoot et al., 1979) . Voyager 1 made in situ plasma measurements when they flew through the Io torus (Bridge et al., 1979) . In situ plasma measurements provide a wealth of detailed information about the velocity distributions of the ions and electrons measured along the spacecraft trajectory but cannot monitor the plasma conditions over space or time.
The net result of these different types of observations is that before Galileo the torus could be characterized as having strongest gradients in the radial direction, split into 3 main regions: the cold inner torus, the warm outer torus, a "ribbon" at the boundary between them, just inside Io's orbit. The cold torus has a peak density of ~1000 cm-3 at ~5.3 RJ, the dominant ion is S + , the ion and electron temperatures are ~leV and the emission is essentially all in the optical region of the spectrum. The warm toms has peak densities of ~2000 cm-3 at Elsewhere the densities are based on a low frequency cutoff of free space electromagnetic radiation and therefore allows only an upper limit to be placed on the local density. The cutoff is assumed to correspond to the plasma frequency either at the source or near the spacecraft. Alternatively, the ions could be colder during the Galileo passage through the torus so that the vertical scaleheight would be reduced, increasing the density at the equator. However, the Galileo PLS measurement of ion temperature just outside Io's orbit was 101 eV, comparable to the Voyager value, indicating the scaleheight should be the same. With the missing ribbon being inconsistent with known longitudinal and local time variations, there remain two possibilities: the ribbon was located closer to Io's orbit distance or was entirely absent at the time of the Galileo flyby. Figure 4 shows that while the secondary spike at 5.81 RJ is narrower than the usual 0.2 R• width of the ribbon, it may in fact be the ribbon.
At the same time, this density enhancement is only 2 Rio away from Io's orbit (3.3 Rio away from Io itself) and hence may be part of the Io wake.
Furthermore, if this is the'usual' location of the ribbon, then the 0.14 RJ displacement towards noon is not consistent with the dawn-dusk electric field due to plasma flows down the magnetotail that has been invoked to explain asymmetries in the torus radiation. While we regard temporal variability as the explanation of last resort, it should be pointed out that if Herbert (1996)is correct in suggesting that the ribbon is caused by energetic particle impoundment of outward transport of the torus plasma, then the missing ribbon would imply that the radial gradients in particle pressure should have been considerably reduced during the Galileo flyby. Figure 3 shows that while the model density was matched at 5.1 RJ, the density measured inside the cold density peak changed by a factor of 100 within 0.05 RJ. If this is a scaleheight effect, it means the spacecraft moved over 4 scaleheights. Since the cold temperatures (<leV) in the inner torus result in very small scale heights (0.13 RJ), model predictions are very sensitive to knowledge of the location of the spacecraft relative to the centrifugal equator. This effect is illustrated by the differences between predictions based on different •nagnetic field models inside 5 RJ. Furthermore, Schneider and Trauger (1995) show significant deviations of the centrifugal equator (measured from images) from each of these magnetic field models and a vertical displacement of the cold torus with respect to the ribbon. Nevertheless, even if the centrifugal equator is more warped than suggested by the 04/06 models, it is hard to see how such an abrupt change in density could be produced. We therefore conclude that Galileo observed a truncation of the cold torus inside 5 RJ.
Conclusions
From examination of the electron density measurements alone, the Io plasma torus observed by Galileo in December, 1995 appears to be very different from the torus observed by Voyager 1 in March 1979 and from ground based studies.
1. The densities observed by Galileo were enhanced by approximately a factor 2 between 7.8 and 5.9 RJ. For this higher density to produce similar UV emission intensities, the torus electrons must be cooler.
2. The densest part of the Io torus, the ribbon region, that normally separates the warm outer torus from the cold inner torus appears to be missing or displaced outwards to Io's orbit (where it would have been hidden in the Io wake signature). The missing ribbon cannot be explained by previously detected variations in latitude, longitude or local time.
3. The peak density in the cold torus was observed to be at the magnitude and location predicted by the Voyager based models. Inside the cold torus Galileo detected a factor 100 decrease in density within a radial distance of 0.05 RJ. While some of this change may be due to the spacecraft moving relative to a warped centrifugal equator, it is probable that the cold torus was truncated inside 5 RJ with densities dropping to less than 3 cm-3.
